The relation between the vertical and horizontal slownesses, better known as the dispersion relation, for a transversely isotropic media with titled symmetry axis (TTI) requires solving a quartic polynomial, which does not admit a practical explicit solution to be used, for example, in downward continuation. Using a combination of perturbation theory with respect to the anelliptic parameter and Shanks transform to improve the accuracy of the expansion, we develop an explicit formula for the dispersion relation that is highly accurate for all practical purposes. It also reveals some insights into the anisotropy parameter dependency of the dispersion relation including the low impact that the anelliptic parameter has on the vertical placement of reflectors for small tilt in the symmetry angle.
Introduction
The explicit equations for vertical slowness are important for seismic migration and modeling. They relate the horizontal gradient of the phase of the wavefield that is explicitly embedded in our recorded data to the vertical one necessary for downward continuation (Gazdag, 1978) . For a homogeneous tilted transversely isotropic (TTI) medium, the vertical slowness is given by the solution of a quartic equation, which typically requires the numerical methods (Valenciano et al., 2009) . Numerical solutions also hide the interesting parameter dependency information that we may extract from explicit formula's and this feature is especially important for anisotropic media as we gear our self more to parameter estimation efforts.
In this abstract, we derive a simple relation for the vertical slowness in TTI media by perturbing the slowness surface with respect to the anelliptic parameter  . We specifically perturb from an elliptical anisotropic background corresponding to 0   and use Shanks transform to improve the accuracy of the perturbation. The accuracy of proposed approximation is illustrated in numerical examples. We use this new analytical formulation to develop insights on the role that anisotropy parameter play in the dispersion relation.
The TTI slowness surface The 2D slowness surface for qP-wave in acoustic transversely isotropic media with a vertical symmetry axis (VTI) media is given by a simple equation (Alkhalifah, 2000)   2 2 2 2 2 2 2 2 0 0 2 12 10 
where  is the symmetry-direction angle measured from vertical. By inserting equation (2) into equation (1), we derive the TTI slowness surface that is no longer symmetric with respect to vertical and horizontal slowness axis, 
where R and Q are the elliptic and anelliptic parameters, respectively. These parameters are given by
The velocities in equations (3) and (4) are no longer vertical velocities but symmetry-axis ones. The solution of the quartic equation (3) for the vertical slowness is algebraically very complicated. In order to derive a more practical equation for the vertical slowness, we consider the anelliptical parameter,  , to be independent and small, and perturb the slowness surface with respect to  ,
By substituting equation (5) 
where (Golikov and Stovas, 2011) . Note the following symmetry relations:
To enhance the accuracy of the series given in equation (5), we use Shanks transformation to predict the behavior of the higher-power terms in  in the series (Bender and Orszag, 1978; Alkhalifah, 2011) . As a result, series (5) becomes
Analysis of approximation Now we analyze series 5 and its coefficients along directions in which the solution is predictable. Thus, for 
The values for 
Numerical examples
To illustrate the accuracy of the proposed approximation, we select a homogeneous TTI model with parameters . In Figure   1 , we display the slowness surface for elliptical ( 0
and the anellptical TTI model. Note that the anelliptical slowness surface is located inside the elliptical one. The graph for functions   1 q p and   2 q p is given in Figure  2 . The functions computed in lower part of the slowness surface are anti-symmetrical and the second-order contribution is generally smaller than the first-order one,
In Figure 3 and 4, we show the error in the slowness surface as a function of the symmetry axis tilt angle resulting from using the zero-order, the first-order and the second-order approximations (5) and Shanks transform (8) for a homogeneous TTI model with the anisotropic parameters mentioned. The error in   q p is shown as a function of the horizontal slowness and the symmetry angle values. We can clearly observe that the accuracy of approximation increases with increasing terms in the expansion. In fact, Shanks transform, geared to predict the behavior of the expansion, gives the most accurate solution. For positive values of the symmetry angle (Figure 1) , the approximations defined for the lower part of the slowness surface are more accurate for negative values of horizontal slowness, and the approximations defined for the upper part of the slowness surface are more accurate for positive values of horizontal slowness.
Conclusions
We develop an analytical formula to describe the vertical slowness as a function of the horizontal one (dispersion relation) in transversely isotropic media with a tilt in the symmetry axis (TTI). The formula is based on a combination of expanding the solution of the quartic polynomial, which relates the horizontal and vertical slownesses, in terms of the anelliptical anisotropy parameter and Shanks transform. The accuracy of the new equation for most practical applications including migration is high. The new formula also provided insights into the parameter dependency of TTI media and revealed how little influence the anelliptical parameter has on the vertical slowness for small symmetry tilt.
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